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be selectionofa arqeller onthe WLsisofefficiencyfor
a~licationtoa Iight-airplene”designcm %eaccomplishedby the
we ofthechaz-tepresented>Therequiredcalculationsaremade
a minimumbypresentingthedimensionalpro~el.lerparameters
directlya thecharts.Valuesofpowerof‘fl,100,lx, 225,and
3@)horsepowersr?ecoveredfoi-airspeedsof50 100,1~, and
20Qmilesperhour,propellerdiametersof6,bjand10feet,and
bladenmlersoftwo,four,six,andeightovera widerangeof
propellerrotationalspeed.

Theapplicationoftheresul+atodesi~problemsisdemon-
stratedby threeexamples;(1)thejmvestf.gationof theefficiency
ofa widevarietyofpropellersi?,ora gi~endes@ condition,
(2)theinvesti~atjxmoftheefficiencyofa controllable-pitch‘
constant-speedpropeU..erasa-fwnctimofairspeed,and(~)the
investigationoftheefficieficyofa fixed.-pitchpropellerasa
function

The
presents
.5irplane

ofairspeedande~ineoperation.

operationoflightairplsmesnearresidentialneighborhoods
theproblemofnoisereduction.oneofthesourceeof
noiseistheafrpleneprogeller.W E&Y instancesthe

noisecanhereducedbythepro:~u-sebcti.moftheairplane
propeller.Theyroblemoftheefficiencyofthequietproyeller,
however,i.sabo ofimportance.Thepresentpepor@.vesthe
efficiencyofa wideselectionofairplanepropellersforMght
airplanestoaidintherequiredcmpronii6ebetweenefficiencyand
noisereductionoranyotheroperationalordesigncondltj.on.

Selectionchinksforpropellersarepres&ntedinref&ence1.
.

Therengeoflowadvance-diameterratio,however,isnotcovered
inthesechar’ti.@he“jremht.pajjbrgivesctirteforvaluedof
advance-diameterratiodotito0.314.> The.calcu@t@ef$icien”&j
forpropeller~ofoptimum”loaddistributionalo~”thebladefor

l..
. .-

. ..— .
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a givenoperati~conditionIspresented.Thea.dvantsgeofusing
thisefficiencyisthatitpresentsa maximumvaluethatcamnotbe
exceededwitha givenpropllerMemetertidbladenumberbutcan
beobtainedwithproperdes@n. Themethodsofanalysisaregiven
intheappendix.Com~arisonsofthecalculatedefficiencieswith
experimentaldataonpropellersshowgoodagreement.

<Theselectionchartsgivenhereinpresentdirectlythe
efficienciesasa functionofthepropelleroperat~caditicm~
Investigationofa Givenpiiogellerforapplicationtoa givendssi~
conditionrequires nothing more than the readingofa fewcha@s
andinterpolatingbetweenthesechartstoobtaintheresults.

a

B

-b

cd

%

Cp

CQ

CT
D

d

J

2

N

n

P

Pc

axial-velocityinterferencefactor

numberof pro~eller bladee

chordofpropel).erbladeelement

sectiondr~ coeffic@nt(d/qA)

-F

sectionliftcoefficient(L/qA)

powercoefficient(P/pnsD5)

torquecoefficient(Q/pn2D5)

thrustcoefficient(T/Pn2Dh)

proyellerdiameter

dregof.gropellerbladeelementforinfird.tiaspectratio

advance-diameterratio(V/nD)

liftofbladesOction

‘propellerrotaticmal speed,revolutionsperminute

propellerrotatimalspeed,revolutionsyersecond

inputyowertopropell’&7

pmer disk-loadingcoefficient(P/qAV)
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Propellerefficienciesforlightairplanesarepresentedin
termsofenginepower,velocity, bladenumber,bladediameter,and
propellerrotationalspeedfortheuseoflight-airplanemanufacturers
andoperators.A widerangeofyropellerselectionispresentedin
ordertopermitevaluationoftheefficienciesobtainedwithhlgh-
soltditylow-rotational-speeayropellerecomparedwithlow-solidity
high-rotational-speed.pro~ellers.Thechartsareintendedtocover
therequirementsthatmaybeneededinthestudyofthesound
reductionofMght-airplanepropellersTM scopeoftheresults
anda keytofigures1 to22 =e givenintable1.

Figure1 shcmsthelmeakdownof‘tepropellerlossesforone
conditionandwillaidh interpretingthezwsultspresentedinthe
otherfigures.Thevalueoftheidealefficiencyqi givenfor
figure1 isthevalueobtainedfrm consideraticmoftheminimum
momentumtncreaseinthewake.Onlyaxialmomentumanda uniform
iilcreaseinvelocityovertheentireMsk areaareconsidered.The

4(1 -n~)Me= efficiencyisgivenbytherelationshipI’c=
nI3

andisfixedfora given,pcwerjveloctty,andpropellerdtameter.
Theshadeaareainthefigureshowstheinducedlossesfor~pellsrs
hav~ optimumefficiency. The optimumefficiencyqopt isthe

m*

efficiency(withoutdrag)fora propellerwithanoptifimlad
distributionasgivenbyGoldsteinforthespecifi-ednumberof
blades.!l%isefficiencyconsiderstherotationalendaxialmcmentmm
ofthewakeanddistributestheloadingalongthebladesothatthe
integratedsumof thelossesisa ?uMmum,

The propeller efficiency ? giveninallthefiguresisobtained
bysubtractingtiebladedragfromtheopti?mnnefficiency.The
magnitudeofthebladedregcenbe seen tovarygrbatlywiththe
sectionloading.Inf’igure1 th9low-soliditypropeller is highly
loadedatlowrotationalspeedandisveryclosetothestall
canditimatM?% ~. TheapproachtostallIsindicatedwhen
thepropellerefficiencyq andtheoptimumefficiency?IOptbegin
todiverge.~t highrotationalspeedthebladesecticmsforthe
low-soliditypropellerareoperatingatornearmaximumlift-drag
ratioand,therefore,showtiehi~hestefficiency,Thehigh-solidlty +-
yropellerisoperating at very lightloading(lowvalueof Cz for
the secticm)and,therefore,ata verylowlift-dragratio.=At!2000rym s-
theMade draglosshasIncreased&rom8percentforthe16w-solidity
propellerto32percentforthehigh-soliditypropeller,

r
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Thevalues of idealefficiency,optimumefficiency,end
resultantpropellerefficiencyam Givenineachoffigures1 to22
inorderh permitinsightintothelossessustainedforeach
operatingcondition.

Figures1 tos giveefficiencyas 8 function of proyeller
rotationalspeedfor6:, 8-$ end 10-foot-diameterfour-blado
prope~ersofvaryingsolidifies(a=0.069 to u = 0,276) for
engineyowerof300horsepowerfortwoforwardspeeds,@he difference
betweentinecalculatedpropellerefficiencies(dragincluded)foreach
sOliaity andtheuptimum”efficiencyisduetobladedrag>Thetiag
variesrapidlywithpropellersolidityandproyellerrot$i+timalspeed,
InalltheTresentcalculationsthepropeU.errotationalsyeedis
limitedsothatthevalueof xnIldoesno%,exceedg’jofeet~ersecmd
(MachnumlmrjO.%). Althol@small,compressibilitylossesmayresult
atthisMachnuhher.,nolosseswer,eincludedinthecalcui.atims.

In figures k to 22 the cdctited efficiencyisplot%dagainst
propellerrotationalspeedforvelocitiesof~, UIO,1~, and200miles
perhouratenginepowersof~, 100Y1~, 225,and300horsepower.
Ineachcasethearopellersolidityis0.0S4Zand,therefore,the
totalsolidityincreasesproyortia’dlytothebladenumber.The
efficiencies‘forothertotaleolititiesandbladenumberscqahe
obtainedfrcmthechartsbytheuseoff’i&ure~. X& optimumpropellers
vrit~geometmicall.ysimilarbladesections,theprincipalchangein
efficiencyresultingfr~ changingthebladenumberagdholdingthe
solidityconstant’isduetoa c-e inthe’optimumefficiency.In
figure~ thedptipumefficiencyisshownfortwo-,four-,end
eight-bladepropeller&.@henurci%erofbladesisseentoaffectthe
optinuanefficiency-tiegreaterthena%erofbladesthehigherthe
effi.ciency~‘l%eqitude OSthischangein n.opt withblade. .
nwmher,however,isseentobesmallandcloseestimatesof’’the
effici.enclestoberealizedforconstant-6oUditypropellerswitha
changeh bladernmbercanbemade.Thedraglossesmayvaryfor
constantsolidityanddifferentMade nuuibersbecatieofchanges
intheairfoilcharacteristicswithReynoldsmmiberlmtJingeneralt
thiseffectisverysM1 andisnotconsideredinthepresentpaper.

1- PropellerSe3+3ctionforOneDesignCcmdfticm

,.,

Thechartsofthepresentpapershowtheefficienciesofa
largenumberofpropellers thatcoulabefitted.toa givendesign
condition.Exam@eI i.s~iventoexplaintheuseofthecharts.
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!KImdesi.~condltiolMfor:a.gi~enairplaneareasfol.lowsiThe
lx-horsepowe~engineoperatesat!2700rpm. Thedesignvelocity
is-l.m’milesperhour.Thepropeller’rotationalspeedwithdirect
endgeardrivescanhechosenas2700,1830,1350,or~ rpm.

The.followingtablegivesVELIUOSofefficiencyforsomeofthe
propellersthatcouldhefittedtothe“givehairplane.Allthe
propellersforthissetofdesi~cdli.ticmsaretakenfrcm
figure 14.

rii_’_

2700
2700
mo
leoo
leoo
m)o
leoo
1830
1350
1350
13”$
1350
1.350

II(~m) D B
1,

r)l

i

;9 .0
71.5
&>.0
68cO
72.0
7?~5
P!.0
83.5
82-s0
q’ .0
83.0
76.5
71.5

Manyofthesepropellersareclosetostallingatlx miles per hour
andat lower veloaitywo~d stall.andgiveve~ poore~ftciency.
Investigationofanypropelleri’cra -e ofvelocitiesis+x&en
upinexampleXI.fora controllable~itchconstant-spe6dpropeller
end.inexampleITZforthefixed-pitchpropellers., .,,.

11 -Controllable-PitchCmWm.nt%3poedPropeller? .
R@re 23 iB a crossplotoftheyrope.llerefficiencyasa

functionof’theforwardvelocityfora 100-hor~epoweren@no
operatingatconstantepeed.Thecurvesinfigure23(a)showthe
eff’ici.enciesforan8-foot-ti.ametertwo-bladepropelleremdthecurves
infigure23(b)showtheefficiatici.esfora 6-foot-diemetersix-blade
propeller.Thedataforthesecurveswereobtainedfromfi~ures16
to19andareverycloseapproximationstotheeffi.cienci.esthatwould
be obtainedforcontrollable-pitchconstant-speedpropellemoftho
muleWmeteu.tmdsolidity;Taa similarmannertheyo~eller
efficiencyforcons’kiat‘rot~tionalwpeed@n boobtainedfrcmthe,. .$.”.. .,
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figuresforany’ccxdbinaticmofon@nepawer,prope~erdiameter,
bladeruniber,andrangeofforwsrdvelocitycoveredinthestudy.

III-PropellerPer..ormemceforFixed-PitchOperation

lhorderto&eterminethevemiatfonoftheperformancewith
airspeedofa givenpropellerforfixes-pitchoperation,itis
necessaryto detemninethevariationoftheengtiespeedandbrake
horsepowerwithatispeed.Sinceanen@neo~erates at approximately
constsnttorquethevariationofenginespedwithvelocitydepends
m thepropellercharacteristics.Anexampleisgivenb KUustrate
theprocedure.

Considera 6-foot=diame’tr,four-b~e .a
(

0.138) fixed-
0.’7R=

pitchpropellerdesignedtoa!w@ “In
lx milesperhour.Calculate~ as

horsepuwe;at l&)o rpn at
f Ollows:

.

= O●1655

Thevalue~ reminsconstsntover the speedrange. Therefore
@5

n2Cp
()
18002= 0.1655 —
60

.4

-,?

.,

= 149
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v 88601—=lp —— -nD 60 ltbO 6

= 1221

Useexperimentalorcalculateddatafortheselectedpro@.lor,
ifavailable,orusea setofcurvesof C~ againstV/nD at
variousvaluesofpitchs,ettingforsomevalueof a007R ‘f
about0.138.ll%enmberofbladesforthetestresultsISnot
veryimportantsincecmlytheshayeofthecurveisrequired.
PlotT/nD agatit Cp ona tre.nsparentsheetofpaperandplace
itoverthecurvesof experimentaldata.Throughthegivenpoint
fairh a represe~tativecurvefortievariationof Cp with V/nD
forthefixedpitchinquesttonasisdoneinfigure24. Thiscurve
willapprmimatethevariationofthedesignpropellerascloselyas
ispossiblewithoutspeoifl.cexperimentaltestsofthepropeller.

In order to oalculate the performanceat 100 WL1OSperhour,
assumea valueofV/nD a littlehigherthantheratioofairspeeds
wouldgivesincetherotationalyropelleyspeedisgoingtobereduced.

r

Thusthecalctiatedvalueisgivenby

100
~ = 1221—-
ZiD l“fi

= o.814

Try,asa firstapproximation,~ = O.@. Then

v~
n=——D’V

=lOOX 1.467
6X 0.%

..

= 28,7Tj

■
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Plotthepoint~

isseenthatthispoint
of V/nD isrequired.

end

9

‘*=”*
●

1

.,

= O.lt?o

=0.183, ~= O.@ onthecurve.It
nD

fallsbelowthec~e andthata highervalue
@ 5=0995. ~e~

2W ..— —

n= 146.7
6 x 0.95

= 25.70

149
CP‘g “ ‘

= 0*225

1

SincethepointCp= 0.225,J& = 0.95 fallsonthecurve,the

valueof V/nD iscorrect,and ..
,,

N s (25.70)(60)
,“

=1540 rpnl :

l~h-J ‘Thebrakehorsepowerisreducedby the ratio of — or reduced
ltio

fromlW toW8 horsepower.

Theefficienciesforlx milesperhourand1~ horsepowerare
readframfi~ure14atl&O rpmas qopt= gOpercent,q = 84percent,

and @D = 6 percent.Itisnecessarytoreadthecurvesfor100miles
perhourat100andlx horsepowerfor15W rpaandtoestimatethe
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efficiencyat1.28horsepower.Theefficienciesfor100milesper
hourand100horsepowerarereadfrcmfigure17at1~~ w as
qopt= 8k.5 percent,~ . b percent,and A~D.4.5pe~ent.
Theefficienciesfor100milesperhourandlx horsepowerareread
fromfigure13at@+o rpmas rjopt= h percent,q = 76.5percent,
andA~= 3.5percent.Itshouldbenotedthatthepropeller
efficiencyforthecand.iti,onof1~ horsepowerat15~ rpm1sclose
totiestallregion.Thisstalli~conditionwillrequiresorescare
inestimatingtheefficiencybythismethodifthepropelleris
stalledatthehigherenginepower.Anaccuratedeterminationof
theyropellerefficiencynearthepropellerstallingconditiancannot
bemadewithoutspecificexperimentaldataontheproyellerand
airplenecombination. The effi.ciemcyfor128horsepm-~er
perhourfallsbetweenthevalueof76.5percentforlZ
andthevalueofh percentforlQOhorsepower,yrobably
78.7 percent.men

Thrusthorsepowe~*= 128X o.7qj

= ICOmy

at100miles
horsepower
atabout

Theprocedvreforothervelocitiesisa repeti.ticnofthe
foregoingcalculathn.

A breakdownofthepowerlossesasshownGivesa goodindicaticm
ofthepossibilityofobtaininga gaininez?iciencybyincreasing
thepropellersolidity.If A~D issE@J thereisnotmuchtobe
gainedbyincreasingthesolidity.

APPLICATIONTOSHWD?lCX3H133N

Thecharts presentcklhereinpermittheselectimoftheprimary
propellerparameters-namely,dismeter,rotati~lspeed,b~de
nwzher,andsolidity-requiredfora givendesigncondition.A
comparisonoftheefficienciesforawidevuietyofthese~rsmeters
showslaxgech~es inefficiency.Thelame charaeinefficiencsf
dmuonstratesthe-importanceofa-carefulseiecticm-oftheprimary”
propellerparameters.Wheneveranyof’tieprimarypropeller
parametersaretifect~dbyconsiderationsofnoiseoutput,ground
clearance,emdsoforth,thepresent~~r isparticularlyuseffi
detwminingthebestc~romise.

in

●✍ ‘

4
.“

m I
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Theseoonderyparameterssuchaspitchdistribution,planfomn,
thiclnemdistribution,andairfoil~ectionarenotdirectlytieated
herein.Auestimateoftheirefie:tcanbeobtained,however,by
theuseofthechm?ts.TheopthmmloadM.stributicn meanethat .
the yroduct of the chord.andtheliftcoefficientbc~

()
isa

definitevalue,foreachradiusAta given,designcondlticn,.Small
departuresfromtheoptimumload.tictributicmdonot oauqeappreciable
changesN theefficiency.~itherthepitchdistrj.butionorthe
plan,fozmcsmbealteredtoobtaintheoptimumloaddistribution.
Whichalterationismadetogiveth$sloadingisunimportan~.When
resultsoftrotsofpitchdis’fnxlbutbnor%ladeplanformshowlar~e
losuesinefficiency,theyaremusedby thechan@sinthedrag
lossduetostallingof~cmeoftiiesectionsor-tooporatingofscme
ofthesectionsatverylawliftcoeff+cimtatwhiohthedreg
1s largeincomparisonwiththelift. .

Bladesectionandthic~essMstributicmaffeotthebladedrag
lossofthepropeller.Ifthisbladedrag10SS {L% fromthecharts]
ismall,onlysmalleffectsoanbeexpected.Foroperationat
sectimliftcoefficientsintherangeof c1 frano.3 to0.7 this
drs&lossismallfornormalairfoilsecttcrmoperatingbelow
cri~icalMachnumbers.Iftheelementliftcoefficients@e outside
thisr~e, thedraglossesbeccmeImportant.

Oncetheprimaryparametersareselecedthenexts-’ is.tho
PhYsicaldssi~ofMe propeller,whichconsistsofdesigni~the
pitchdtstz?ibutionendblaae-chorddistributicmtoobtaintheproper
distributionofloadingal- theradius.OnememcdOf desl@~ a
propellertogivetheoptimumdistributionofloadi~for any
operatingconaitionisoutltiedinreference2?

\

..

Lan@eyWmortalAeronauticalL@%oratory
NationalAdvisoryComMtteeforAeronautics

LangleyField,Va.,$ilY2,W47
.

,.

.,.

.. .
.
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Thepropeller-yerfozmar.c~c&vesCivenhorotivoreobtainedfor
mostof%herangebythemethod@ven inreference1. Inreference1
chartsarepresentedgivi~,themaximumpossibleproyellerefficiencies
withoutdr~ fora widerenGeofoperat~~condition.Thecharts
werepreparedfortheoptimumdistributionofloadi~al~ the
,bladeasgiven%yGoldsteinforlightloadings.TheeffectDfdrag
wasaddedtotheinducedlosstoo%tafnthepro.pell.ereffloiencles
givenherein.ComparisonofeqmrimsntaldataonpropellersIn
currentusewithdataobtainedbythepi*e~ent-~.etho&ofanalysh
showsgoodaGreementovorthenormalrqe of..operaticm.

(

Forli@t
bladeloadingsCZ bOIOYT ~.1~

)
andheavybladeloadin&

(

o.~
cl
o.7’R )above0.8,elementcalculationsbythemethodsgivenin

—.
reference3wemeused.

b
h thepresent’payer,perfomkulcechartssimilartothoseh

referenceX aregivenforvaluesof V/nD downto0.314(fi/10).
Thesechartsarepresentedinfic~ure25fortwo-,four-,six-,and

.,

eight-lil.adeQrope].lere.
F:

Theordinatesgivevaluesoftheopt@mn
efficiencyforpropd.lcwswitlhoutdra~endtheabscissa~re~resent

values of —
/

.D@’ . A~ainstthesescales,curvesofcanctant
;. a

elementloadcoefficient()uc~ execrossedbyourv-esof’ccmstant
o.m

v/ziDs Thesecharts,thusjnotmfi givetheoptimumpropellor
efficiencywithdragfie@ectedbut,wlth”operatin~V/nD and

~=
r

. .-
D #known, civotherequiredbla@”load~-”(~olidity

thnestheMft coefficientatthe0.7radius).
.

Theeffectofbladeprofiledragonthe~ropell.ereffloiency
isalsogivenincharts.Thefollowi~fomae, takenfromreference1>
givetlmeffectofdragonthethrustandtorq,uecoefficlentc3for
zeroload@-j: A

l-”
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Theseformulas,modifiedb inc~udeinducedvelocitiesandtoapply
foranyloadf~,are

. .

dCT “’3
..

“-’fix(1”+a)2‘=~cd~dx (3)sin$!

and. .
,“

. . .
-.

dCQ fix2J*(1+“a)2—.. ~cd—
d% 8

Cos+
Sinq

(4) “

Theresults of the integratedthrustandtheintegratedpowercoef-
ficientsduetodmyjcalculated%y thezero-loadinGformulaea@ the
fozmulasincludingtheinducedvelocitieswerecomparedforseveral
bladeloadingsandeachbladenum%er.Theresultsforthef-our-blade
propellerwith ()“z o.~ = C.09 andoptimumloadd~stributimalong
thebladeareshowninfi~e 26, !Ehe differencetn the thrust and

powercoefficientsduetodragemdtheresultantefficiencycomputed
by thetwosetsofformulas.Meresmalland‘fiereforethedraglosses
werecomputedforonlyme loadingfor eachbladenmi%erandthese
coefficientswereappliedtoallvaluesof

{)UC2O,p”
Zhevalues

of
()act

for whichdraglosseswereco?zqnrtedwere
o.~ ~’z)o,~ =

forthe two-bladepropellers,()oc~~ ~ z 0.09 forthefour-blade

propellers,
0acl = 0.14 fa th~six-bladepropellers,and

()

os~
Ucz 0.18 fortheeight-bladeprope~ers.o.~ =

!f%edistributionof cd alongthebladewasdeterminedbyuse

o●ok

ofthetbiclmessdistii.butimandylanformofa conventionalpropeller
operatingat thebladeload~ foroptimumdistribution,Thedistii-
tnztionof cd usedwasthesameasthatonthepro-pellerofreference1.
Thechangeinprofile-dragcoefficientsisverysE@2.fora wide-range
ofliftcoefficient~othataveraGevalueswereusedinthecalcu-
lations. BeCauS8 the profiledragincreasesrapidlynearthestallimg
an@e,itwasnecessq tomakeelementcalculationstoobtainthe
propellerperformanceforheav”ilyloadedblades.
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Figure

1
2

:
5
6

8
9
10
11
X2
13
14
15
16
1
1Ii
19
20
21
22

Engine
power
(hp]

300
300
300
300
300
300
300
225
225
225
223
l’yl
150
150
ylo
100
100
100
3.00
50

$

TABLEI

rNIExTo FIml To22

D

6,8jo
6,8,10
6,8,10
6,8,10
6,8,10
6,8,10
6,8,10
6,8, m
6,8,10
6,8,10
6,8,10
6,8,10
6,8,10
6,8,10
6,8,10
6,8,10
;,$g

6;8;w,
$,8, m
0,8,10

2>4;6,8
2,k,6>8
2,4,6,8
2,4,6,8
2,4,6>8
2,4,6,8
2,4,6,8
2,4,6,8
2,4,6,8
2, b,6,8
2,4$6,8
2,4,6,8
2,4,6,8
2, b,6,8
2,k,6,8
2,4,6,8
2,4,6,8
2,4,6,8
2,4,6,8

I

~o.0172,0.0345,0.0517, 0.069
0.0172, 0.0345, 0.0517, 0 .06g
‘o.0172, 0.0345, 0.0517, 0 .06g

0.0345
0.0345
0.0345
0.0345
0.0345
0.0345
0.0345 .
0.0345
0.0345
0.03J+5
0.0345
0.0345
0.0345
0.0345
0.03k5
0.0345
0.0345
0.0345
0.0345

NATIONALADVISORY
CONMI!IT!EEFORAYRONAUTZCS



4

.2

0

NATIONAL ADVISORY
COMMITTEEF09 MROWAWTtCS

m 35 cm

N, rpm

Figurel.-Bre~kdownofpropellerpower losses. B = 4; D = 8; V = 200miles per hour;

P = 300 horsepower; Ti = 0.97.

H
z
g+
,

I



Fig. 2 NACA TN No. 1338
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Fig. 4 NACA TN No. 1338
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Fig. 6 NACA TN No. 1338

i

(a) D = 6.0; ni = 0.91.

Lo I
lop+;B’4

--B. 2
.8 / - 1. --- .-.. 4

\
“‘8

.6

‘o IWM 2000 3000

N, rpm

(b) D = 8.0; q = 0.945.

Lo I

~ - -- — 7opfj ‘“4
/- ----- -~ -BS2---

.6 / Y Y
-.

\’ 6 ‘ ‘4

NATIONALADVISORY
COHHITTEEtW AESOMAUTICS

.6
.

‘o tooo 200CJ 3000

N, rpm

(c”) D= 10.0; q = 0.96.

#-

.

z-

,.-

&
“

P

Figure 6.- Propeller efficiency. V = 150 miles per hour; P = 300 horsepower;aO~R= 0.0345B.

“



NACA TN lSfO. 1338 Fig. ‘7

--

A
.

Lo

___ ---- ---- ,-

.8

.6

40 1000 2000

N, rpnl

(a) D = 6.0; qi = 0.955.

lo

~ —

.8

‘a
.6

*O KKo 23X) 300!3

Lo

.8

.6

N, ram

(b) D = 8.0; I+ = 0.97.

1- @@; 8“=4

/
~ - B=2

\ -..

\
\ .

‘.
‘4

‘ 56 II
UATIONA”. -. ------ . II

\ couMnlEEI

Iilllli, , , , , , t

I 1 !

I 1

lL AUVISURT

FMAmolmJTKs
I I I I I I I 1 “81.1 I I I

14~ loco 2000 3000

N, rpm

(C) D = 10.0; q = 0.98.

—
—

Figure7.- Fropellereff ioiency. V=XIOmilesperhour;P = 300 horsepower;UO~ = 0.0345B..



Fig. 8 NACA TN NO. 1338
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Fig. 10 NACA TN No. 1338
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Fig. 12 NACA TN No. 1338
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Fig. 14 NACA TN No. 1338
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NACA TN No. 1338 Fig. 21

m-”

-~,

● ✎

7

4

LO

d+;B=t
--

~- ~---- ---- .-
.8

— _ ---- - .- -
? < \ - --~ -.

\ .
L . ---. ~ ‘ B-2\

\ , ‘.
4

.6 % \
6

8

40 /000 2m 3mo

N, t-p

(a) D = 6.0;~i = 0.945.

.40 , •!

~ —
-- -7&7;B=4

/
/

I
&-d---t-L_ l--L_l I I I I I I I I I

.8

I IV.I’”4 I I-B”F I I I I I I I
r-l I -- I I t =1 I I I I I I I [

\ v \
\ \

\ \ 4
.6

\ \

8
‘o 1000 &@ .5Kce

N, @m

(b) D = 8.0;qi = 0.965. NATIONAL ADVISORY
COMMITTEEFORAERONAUTICS.

4!0
~ - - – 7&04

I
---..

B \ w _
-0.2

4

\ \

‘6

.6

, , 1 I 1moo 2000 .3vOo

N, rp+n

(C) D = 10.0; T+= fJ.98.

Figure 21.- prOPeller efficiency. V = 103 miles perhour:p. ~ horsewwe~;ao.7R=0.0245B.



—

Fig.22 NACA TN No. 1338

v

Lo
-- -- ~pt ; B=~

--
/ /

.- --~--- --- ---- ----
.8 — — ~ ---- . -... - U*Z

\ -- ~
\ -.A

1> \ ‘.
. .

,6 \
\

>
P &

40 Iao Z&lo m
N, tj=vn

(a) u = 6.0;q= 0.93.

Lo 1
-

-- ! J=”’+
/ -

- --..- —
.8 --

‘\+ ---\ ! ‘-L ...
Y % -.

‘.=
\

‘.

.6 \ . 0=2

\ ‘4

\ \
\6

40 moo Z&lo 3000

N, rpn
NATIONAL ADVISORY

COMMITTEEFORAERONAUTICS (b) D =8.0; ~i = 0.99,

to %pf ; ,B:4

.6
~.

\ \
%. ‘<. *.

~.
\ \ \ \ ‘\

.6 \
\\\ 0=2

\ ‘4
6

(c)D =10.0;Ti=0.995.

-.

.—

Figure22.- Propeller efficiency. V = 150 miles per hour; P.= 50 borse~wer; r~ ~ = 0.0345B,.

❑



NACA TN No. 1338 Fig. 23
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